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LCD PROJECTION SYSTEM AND ILLUMINATION DEVICE 

THEREOF 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The invention relates to an LCD projection system, and more 

particularly, to an LCD projection system and illumination device thereof. 

2. Description of the Related Art 

Referring to FIG.l, a typical illumination device 10 of LCD 
projection system comprises a light source 1 1 5 a first lens array 12, a second 

io lens array 13, a PS converter 14, a condenser 15 and a relay 16. The 
illumination device 10 is used for converting the light beams from the light 
source 11 into p-polarized light or s-polarized light (depending on the 
design of the LCD projection system.) The polarized light is desired by the 
optical system of the LCD projection system, since only polarized light can 

15 cause the modulation of the liquid crystal particles when they enter the 
liquid crystal panel, and then have the effect of message transportation 
through the liquid crystal panel. For the convenience of designation and 
description, the p-polarized light is illustrated throughout the specification. 
The light source 11 comprises a lamp 111 and a parabolic lampshade 112. 

20 The lamp 111 is disposed at the focus of the parabolic surface of the 
lampshade 1 12 for providing parallel light beams to the first lens array 12. 

The first lens array 12 and second lens array 13 are used for 
concentrating the light beams to the PS converter 14. Referring to FIGs.2 
and 3a, the PS converter 14 comprises a polarizing beam splitter set that is 
25 composed of a plurality of polarizing beam splitters 141, a plurality of 
metal blocks 142 and a plurality of half-wave retardations 143. The metal 
blocks 142 are disposed on the illuminated surface of the polarizing beam 
splitter 141. Each of the half-wave retardations 143 has the corresponding 
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shape with the metal block 142, as shown in FIG. 3a, and is disposed on the 
output surface of the polarizing beam splitter 14 1. The output surface is 
opposite to the illuminated surface. Each of the half- wave retardations 143 
has a birefringence polymer film. When a light beam passes through the 
5 film, the phase difference of the light beam on the ordinary axis of the 
polymer film differs with that on the extraordinary axis in a half period. 

The light beam concentrated by the first lens array 12 and second 
lens array 13 must be designed to pass the clearance between the metal 
blocks 142, so that the light beam can pass through the polarizing beam 

10 splitter 141 without being blocked by the metal block 142. The light beam 
that passes through the polarizing beam splitter 141 can be split into p- 
polarized light (light 171) and s-polarized light (light 172), wherein the p- 
polarized light exits directly and the s-polarized light passes through the 
half- wave retardation 143 after reflection. Because the included angle 

15 between the slow axis of the half- wave retardation and the s-polarized light 
is 45 degrees, the s-polarized light can be converted into p-polarized light. 
Therefore, all the light beams can be converted into p-polarized light by the 
PS converter 14. 

Referring to FIG. 3b, when it is desirable to convert the light beams 
20 into s-polarized light, the disposition of the half-wave retardation 243 must 
be different that of the half-wave retardation 143 in FIG. 3a. The light 
beam that passes through the polarizing beam splitter 241 can be split into 
p-polarized light (light 271) and s-polarized light (light 272), wherein the s- 
polarized light exits directly after reflection and the p-polarized light passes 
25 through the half-wave retardation 243 so that the p-polarized light can be 
converted into s-polarized light. Therefore, all of the light beams can be 
converted into s-polarized light by the PS converter 24. 

However, since the metal blocks 142 block the light beams from 
passing through the polarizing beam splitter 141, the brightness efficiency 
30 is degraded. Further, the first lens array 12 and second lens array 13 must 
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be designed to let the concentrated light beam pass the clearance between 
the metal blocks 142, so that the light beam can pass through the polarizing 
beam splitter 141. Therefore, the first lens array 12, second lens array 13 
and PS converter 14 must be aligned and fit to each other, which will 
5 increase the difficulty of overall production and the cost, and reduce light 
efficiency. 

Additionally, the polarization conversion efficiency (PCE) obtained 
by the typical illumination device 10 is usually 130 to 140%, hardly 
reaching the ideal value (160%), which is not good enough. 

10 Consequently, there is a need for a novel and improved illumination 

device to solve above-mentioned problem. 

SUMMARY OF THE INVENTION 

The primary objective of this invention is to provide an illumination 
device, comprising: a light source, a quarter-wave retardation, and a wire 

15 grid polarizer. The light source is used for providing light beams. The 
quarter-wave retardation is disposed near the light source. The wire grid 
polarizer is parallel to the quarter-wave retardation, and is associated with 
the quarter-wave retardation to polarize the light beams from the light 
source. In the present invention, the light that can pass through the wire 

20 grid polarizer is p-polarized light, whereas the s-polarized light that cannot 
pass through the wire grid polarizer reflects and passes through the quarter- 
wave retardation to become circular polarized light, which is then reflected 
by the parabolic lampshade of the light source, then passes through the 
quarter-wave retardation again. The circular polarized light becomes p- 

25 polarized light, and can pass through the wire grid polarizer. Therefore, the 
illumination device of the present invention can provide p-polarized light. 

The wire grid polarizer of the present invention is a reflection type 
that can reflect the non p-polarized light back to the parabolic lampshade, 
which is not like the typical absorption type polarizers that absorbs the non 
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p-polarized light. Therefore, the wire grid polarizer in the present 
invention can endure higher temperatures than typical absorption type 
polarizers. 

Furthermore, the non p-polarized light can be recycled and converted 
5 into the p-polarized light due to the arrangement of the quarter-wave 
retardation and wire grid polarizer according to the present invention, the 
illumination device according to the present invention has an excellent 
polarization conversion efficiency. Additionally, the illumination device 
according to the present invention does not have the problem of 
10 concentration between the lens array and PS converter of typical 
illumination device, which reduces the difficulty of production of the 
illumination device according to the present invention and lowers the cost. 

Another objective of this invention is to provide an LCD projection 
system that comprises an illumination device and an imaging apparatus. 
15 The illumination device is equivalent to that described above, and is used 
for providing polarized light. The imaging apparatus is for receiving the p- 
polarized light from the illumination device, and utilizes liquid crystal 
panels to produce and project images. 

The structures and characteristics of this invention can be realized by 
20 referring to the appended drawings and explanations of the preferred 
embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a typical illumination device 
of the prior art; 

25 FIG. 2 is a schematic representation of the concentration of the light 

beams in the typical illumination device of the prior art; 



FIG. 3a is a schematic representation of a PS converter that produces 
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the p-polarized light in the typical illumination device of the prior art; 

FIG. 3b is a schematic representation of a PS converter that produces 
the s-polarized light in the typical illumination device of the prior art; 

FIG. 4a is a schematic representation of an illumination device 
5 according to the first embodiment of the present invention; 

FIG. 4b is a schematic representation of the light beam converted 
into circular polarized light by passing a quarter-wave retardation; 

FIG. 4c is a schematic representation of the circular polarized light 
converted into p-polarized light by passing a quarter-wave retardation; 

10 FIG. 5 is a schematic representation of an illumination device 

according to the second embodiment of the present invention; and 

FIG. 6 is a schematic representation of an LCD projection system 
according to the present invention. 

The following Examples are given for the purpose of illustration 
15 only and are not intended to limit the scope of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG.4, an illumination device 40 according to the first 
embodiment of the present invention comprises: a light source 41, a lens 
array 42, a quarter-wave retardation 43 and a wire grid polarizer 44. The 

20 illumination device 40 is used for converting the light beam from the light 
source into the p-polarized light. The light source 41 comprises a lamp 411 
and a parabolic lampshade 412. The lamp 411 is disposed at the focus of 
the parabolic surface of the lampshade 412 so that the light beams that 
reflect off the parabolic lampshade 412 become parallel light beams that 

25 are provided to the lens array 42 along a light axis (not shown in the figure.) 

The lens array 42 is substantially perpendicular to the light axis for 
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preliminarily unifying the parallel light beams from said light source 41. 
The quarter-wave retardation 43 is substantially perpendicular to the light 
axis, preferably adhered to a transparent glass plate 45. The quarter-wave 
retardation 43 is parallel to the lens array 42, and they have an appropriate 
5 interval. The wire grid polarizer 44 is parallel to the quarter- wave 
retardation 43, and they have an appropriate interval. The included angle 
between the slow axis of the quarter-wave retardation 43 and the absorptive 
axis of the wire grid polarizer 44 is designed to be 45 degrees. The 
absorptive axis of the wire grid polarizer 44 is perpendicular to the surface 
10 of the paper so as to produce the p-polarized light. The quarter- wave 
retardation 43 has a birefringence polymer film. When a light beam passes 
through the film, the phase difference of the light beam on the ordinary axis 
of the polymer film differs with that on the extraordinary axis in a quarter 
period. 

15 The preliminarily unified parallel light beams pass through the 

quarter-wave retardation 43 and wire grid polarizer 44, wherein the design 
of the absorptive axis of the wire grid polarizer 44 can let the p-polarized 
light pass. The non p-polarized light, the s-polarized light, cannot pass and 
will be reflected back. Therefore, the light that passes through the wire 

20 grid polarizer 44 is the desired p-polarized light (light 461.) 

The s-polarized light that cannot pass through the wire grid polarizer 
44 reflects and passes through the quarter-wave retardation 43 again to 
become right-handed or left-handed circular polarized light (the left-handed 
circular polarized light is shown in the figure), then reflects to the parabolic 

25 lampshade 412 of the light source 41, and the left-handed circular polarized 
light becomes right-handed circular polarized light by the reflection of the 
parabolic lampshade 412 of the light source 41, as shown by light 463. 
When it passes through the quarter-wave retardation 43 again, the circular 
polarized light becomes p-polarized light, and can pass through the wire 

30 grid polarizer 44. Therefore, the light beams can be polarized due to the 
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arrangement of the quarter-wave retardation 43 and wire grid polarizer 44 
according to the illumination device 4 of the present invention. 

The theory is shown in FIGs. 4b and 4c. Referring to FIG. 4b, when 
a linear polarized light 471 with a transmitting direction along the z-axis 
5 and a polarization direction of zero degrees passes through a quarter-wave 
retardation 48 that has a 45 degree included angle between its slow axis 
481 and the y-axis is converted into a circular polarized light 472. 
Referring to FIG. 4c, when the circular polarized light 472 passes through 
the auarter-wave retardation 48 again, it will be converted into linear 
10 polarized light 473 with a polarization direction of 90 degrees. Therefore, 
if linear polarized light with a polarization direction of zero degrees passes 
through a quarter-wave retardation twice, it will be converted into linear 
polarized light with a polarization direction of 90 degrees. 

Referring to FIG. 5, an illumination device 50 according to the 
15 second embodiment of the present invention comprises: a light source 51, a 
lens array 52, a quarter-wave retardation 53, a wire grid polarizer 54, a 
condenser 55 and a relay 56. The difference between the first embodiment 
and the second embodiment is the quarter-wave retardation 53 of the 
second embodiment is adhered to the illuminated surface of the wire grid 
20 polarizer 54. Therefore, the illumination device 50 can polarize the light 
beams providing the p-polarized light due to the arrangement of the 
quarter- wave retardation 53 and wire grid polarizer 54. The condenser 55 
is used for unifying the shape of the light beams, and the relay 56 is used 
for concentrating and collimating the light beams. The illumination device 
25 50 can unify the shape of the light beams completely due to the 
arrangement of the condenser 55 and the relay 56. 

Because the wire grid polarizers 44 and 54 are reflection type for 
reflecting the non p-polarized light, the s-polarized light, back to the 
parabolic lampshade, the wire grid polarizers in the present invention can 
30 endure higher temperatures than typical absorption type polarizers. 
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Furthermore, the non p-polarized light, the s-polarized light, can be 
recycled and converted into p-polarized light due to the arrangement of the 
quarter-wave retardation and the wire grid polarizer according to the 
present invention, the illumination device according to the present 
5 invention has an excellent polarization conversion efficiency. The results 
of experiments show that the polarization conversion efficiency of the 
illumination device according to the present invention is about 120% of 
that of a typical illumination device. The results of experiments show that 
the polarization conversion efficiency of typical illumination device is 
10 144%, therefore, the polarization conversion efficiency of the illumination 
device according to the present invention is about 173% (144%* 120%). 

Additionally, since the illumination device according to the present 
invention does not utilize the lens array and PS converter of typical 
illumination devices to convert the light beams, there are no complicated 
15 problems of alignment and concentration between the lens array and PS 
converter of typical illumination devices. Therefore, at least one lens array 
(e.g., the second lens array 13 in FIG.l) can be omitted, which reduces the 
difficulty of production of the illumination device according to the present 
invention and lowers the cost. 

20 Referring to FIG. 6, the LCD projection system 60 according to the 

present invention comprises an illumination device 61 and an imaging 
apparatus 62. The illumination device 61 is the illumination device 50 in 
the second embodiment, and is used for providing p-polarized light. The 
imaging apparatus 62 is for receiving the p-polarized light from said 

25 illumination device 61 and projecting image. 

The imaging apparatus 62 comprises a color selector 621, two liquid 
crystal panels 622,623 and a lens 624. The color selector 621 is adapted for 
selecting the desired color and its complementary color. The two liquid 
crystal panels 622,623 are reflective liquid crystal on silicon (LCoS) panels 
30 622,623 and comprise a plurality of pixels respectively for producing the 
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desired image and projecting the image through the lens 624. 

While several embodiments of this invention have been illustrated 
and described, various modifications and improvements can be made by 
those skilled in the art. The embodiments of this invention are therefore 
5 described in an illustrative but not restrictive sense. It is intended that this 
invention may not be limited to the particular forms as illustrated, and that 
all modifications which maintain the spirit and scope of this invention are 
within the scope as defined in the appended claims. 



